We construct a nonseasonally adjusted version of the Cleveland Fed's median CPI ("NSA-median") and compare its performance as a measure of trend infl ation to the median CPI and the core CPI. We investigate a month-over-month form of both median measures as well as forms with varying amounts of time aggregation. We fi nd that both the median CPI and the NSA-median are considerably better at tracking trend infl ation than the core CPI. We also fi nd that a mere three months of time averaging is suffi cient to achieve lower volatility and acceptable tracking of trend infl ation. We conclude that the NSA-median is a useful signal of trend infl ation and a promising candidate for further study.
Since controlling infl ation is a central monetary policy goal, monetary policymakers focus intently on infl ation signals. But they face a major diffi culty: infl ation data contain a lot of transitory shocks. The presence of the transitory "noise" in infl ation data makes it diffi cult to detect early warnings of sustained movements. Responding to these transitory shocks would be a bad idea, because doing so would translate into policy swings and reversals and introduce uncertainty and volatility into the economy. Instead, policymakers attempt to respond to the sustained movements in infl ation-that is, to underlying trend infl ation. Discerning the underlying trend in the midst of the noisy infl ation data is a challenging task.
Numerous approaches to this important problem have been proposed. Perhaps the most well-known trend infl ation measure is the so-called "core" Consumer Price Index (CPI). It is a CPI variant that attempts to estimate trend infl ation by simply excluding the prices of food and energy items. While this index does appear to be somewhat useful in tracking trend infl ation, it lacks any theoretical justifi cation. An alternative approach fi rst proposed in the early 1990s-one which does possess a theoretical justifi cation-has arguably proven to be superior in practice: the median CPI. This measure was introduced in Bryan and Cecchetti (1993) and is produced by the Federal Reserve Bank of Cleveland.
While the median CPI has proven useful in many contexts, it has an inherent drawback: its history is subject to revision about once a year, when the BLS releases its updated seasonal adjustment factors for the CPI. Conversely, a nonseasonally adjusted median CPI would rarely be subject to revision.
In this Commentary, we introduce a nonseasonally adjusted version of the median CPI (hereafter, the NSA-median). This index differs from the median CPI primarily in that it is built exclusively using nonseasonally adjusted data (see Higgins and Verbrugge 2015 for details) . While the NSA-median will rarely be revised, one drawback is that, in many applications, a user will need to perform seasonal adjustment prior to subsequent analysis. We show that our new NSA-median measure is slightly superior to the median CPI in tracking trend infl ation. But in keeping with prior research, we fi nd that both of the median series clearly dominate the core CPI for discerning infl ation trends.
We also investigate the usefulness of time aggregation, by comparing how well various infl ation measures track trend infl ation once they have been time aggregated by two months or more. We fi nd that time aggregation is generally helpful. Of the variants investigated here, the most helpful form of time aggregation overall involves declining weights, using a formula proposed by Cogley (2002) .
Trend Infl ation
Most of the research on the median CPI has focused upon its forecasting ability. Results for the United States and for other countries have been overwhelmingly positive (see Cecchetti 1994 and Bryan, Cecchetti, and Wiggins 1997; Aucremanne 2000; Clark 2001; Cogley 2002; Smith 2004; Rich and Steindel 2007; Meyer, Venkatu, and Zaman 2013; and Meyer and Venkatu 2014) . In various forecasting contexts, these studies have demonstrated that the median CPI usually outperforms the core CPI and leads to improved forecasts. 1 We focus on a different desirable feature: the ability to capture the current trend in infl ation.
2 A chief purpose of the core CPI and the median CPI is to give an accurate reading on trend movements in the CPI. This is the same thing as saying that these measures should remove transitory infl uences from the CPI. Unfortunately, there is no universal defi nition for trend infl ation and transitory infl uences.
Previous research has mostly used a centered 36-month moving average as a measure of the infl ation trend (see, e.g., Bryan, Cecchetti, and Wiggins 1997) . However, there are at least two drawbacks to this measure. First, a centered 36-month moving average explicitly includes infl ation that is 18 months in the future; but we view 18 months in the future as a little too far away. Why? Because, according to most economists, monetary policy infl uences infl ation at this horizon. As a result, a 36-month "trend infl ation" signal will sometimes also implicitly contain the monetary policy reaction to the trend infl ation signal, when what may be wanted by a policymaker is a measure of trend infl ation that will inform a monetary policy reaction. Second, we believe that an ordinary 36-month moving average allows too much high-frequency noise to enter the trend (see Higgins and Verbrugge 2015) . 3 While we start with a centered 30-month moving average (MA(30)), we improve upon it by using a multiple-pass moving average. We fi rst construct a centered 24-month moving average series and then apply a centered 12-month moving average to generate a fi nal series. This "MA(24,12)" series is similar to an MA(30), but it is much better at removing high-frequency noise in the signal. 4 We think that our fi lter strikes the right balance between the amount of information incorporated and the amount of transitory noise allowed. It does not include information from too far ahead-in which case, the signal does not just include the natural dynamics of infl ation, but also includes the response of infl ation to monetary policy-and it does not allow in too much transitory noise, which would lead to an unreliable "trend" estimate.
5 Thus, we believe that our fi lter well captures the low-frequency part of infl ation that past research has attempted to isolate, while avoiding distortion of the signal arising from monetary policy response. 6 We plot our measure in fi gure 1, along with annualized monthly CPI infl ation. It appears to be a reasonable estimate of trend infl ation.
Volatility and Ability to Track Trend
We compare the ability of the NSA-median to track trend infl ation against the CPI, the core CPI, and the median CPI. We focus on these infl ation measures because they are widely used and are easily understood by the public and policymakers. As a result, they could potentially play a role in communicating monetary policy decisions to the public. 
CPI inflation
We fi rst examine the month-over-month infl ation rates in our four measures. We consider two measures of performance. The fi rst is the variance of changes in the four infl ation measures from one month to the next, which captures the volatility of each infl ation reading. The second is the mean squared error (MSE), which captures the historical deviation between a given infl ation measure and our estimate of trend infl ation; a series with a smaller MSE has better tracked trend infl ation in the past. We deseasonalize the NSA-median CPI when looking at month-over-month infl ation rates. Our MA(24,12) series for trend infl ation ends in September 2013, so we compute performance statistics from 1984 until that date.
Statistics pertaining to month-over-month infl ation rates from the four measures are recorded in rows 2-5 of table 1.
Regarding the volatility comparison, we see that the CPI is highly volatile. The other alternatives remove a substantial amount of volatility from the CPI. The core CPI is onefi fth as volatile than the CPI; but this measure is still more than twice as volatile as the median CPI. The deseasonalized NSA-median is somewhat less volatile than the median CPI. Regarding the ability to track trend infl ation based on MSEs, we see that the CPI does a poor job; this is not surprising, since it is precisely this failing that is the main motivation for developing alternative CPI measures that better track trend infl ation. While the core CPI is much better at tracking trend infl ation than the CPI, it is markedly worse than either median CPI series. Of the two, the deseasonalized NSA-median is somewhat better than the median CPI at tracking trend infl ation.
Time Aggregation
We next consider the potential benefi ts of time aggregation. Table 2 presents statistics pertaining to various levels of aggregation of infl ation rates from the four measures. In general, time aggregation greatly diminishes the volatility of each measure, and it improves the ability of each measure to track trend infl ation.
First we look at the four infl ation measures at the 12-month level of aggregation, since the use of year-over-year measures is common. Note that in the case of the NSA-median it is not necessary to deseasonalize the 12-month infl ation rates. (In any case, results are virtually identical whether or not they are deseasonalized.)
The 12-month CPI is not very volatile compared to the monthly measures, but it is still far more volatile than the other 12-month measures. The 12-month core CPI, while far less volatile than the 12 month CPI, is still twice as volatile as either 12-month median CPI. Regarding the ability of different 12-month measures to track trend infl ation as captured in MSEs, we see that the 12-month CPI is roughly comparable to the 12-month core CPI, and both of these 12-month measures track trend infl ation on average as well as the month-over-month medians. But both 12-month median measures markedly outperform the 12-month core CPI at tracking trend infl ation. These measures are roughly comparable in their ability to track trend infl ation, with a slight edge going to the 12-month NSA-median. Table 2 .
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Results by Level of Time Aggregation
While combining 12 months of data improves the ability of each measure to track trend infl ation, this amount of time aggregation need not be optimal; a smaller amount of time aggregation could still be useful in capturing trend infl ation.
So next we look at shorter windows of aggregation. For tracking trend infl ation, most of the gains from aggregation are achieved with a mere three months of aggregation for both of the median measures. (The core CPI requires at least four months of aggregation before further gains become minor, while the CPI requires a full 12 months.) Furthermore, at some point-around nine months-more time aggregation appears to worsen the ability of the core CPI and the median measures to track trend infl ation. Finally, we look at statistics for the core infl ation measure developed by Cogley (2002) , an alternative 12-month "exponential" weighting scheme, which puts higher weight on more recent observations, and which should therefore better capture turning points in trend infl ation. For the CPI, the core CPI, and the median, exponentially weighting 12 months of data results in the best overall performance, though it is roughly equivalent to weighting nine months of data equally.
Conclusion
For decades, the median CPI has proven its worth as a forecasting tool. But another key purpose of infl ation measures like the core CPI and the median CPI is to offer an accurate signal of trend infl ation-to fi lter out noise from the incoming infl ation signals.
In this study, we constructed a nonseasonally-adjusted version of the Cleveland Fed's median CPI, and we used a variant of a 30-month moving average of infl ation as our estimate of trend infl ation. We investigated the performance of our NSA-median (in seasonally adjusted form) compared with that of the median CPI and the core CPI, in both monthover-month form and also upon applying varying amounts of time aggregation.
We draw three main conclusions from this study. First, the median CPI and the NSA median are less volatile than the core CPI and they hold considerable advantages over the core CPI for tracking trend infl ation. Second, for these two median indexes, using only three months of time averaging reaps large rewards both in terms of volatility and in terms of tracking trend infl ation. Additional time averaging is only moderately helpful. Third, the NSA-median is a useful signal of trend infl ation, and is a promising candidate for further study. Crone et al. (2013) , a study which found that when using 12-month changes as the predictor, the core CPI slightly outperforms the median CPI at close horizons. Meyer and Pasaogullari (2010) also used 12-month changes in core infl ation measures as a predictor, and-depending upon the time period examined-obtained some results that are similar in character. Taken as a whole, the results in these studies were generally quite supportive of the usefulness of the median CPI for forecasting purposes.
Footnotes
One prominent exception is
2. An analogy is seasonal adjustment; the goal of seasonal adjustment is to remove movements from an index that are, in a statistical sense, unrelated to trend movements, so as to better expose that trend. Detmeister (2011) is a related study that focuses on the PCE price index and comes to similar conclusions.
3. Brischetto and Richards (2007) also emphasize these points. See also Giannone and Matheson (2007) .
4. The superiority can be seen graphically: our MA(24,12) series is much smoother than an MA(30). But we also demonstrate this advantage formally, using advanced time series methods, in Higgins and Verbrugge (2015) . These methods also indicate that, aside from the transitory noise distinction, the fi lters are otherwise very similar.
5. While the MA(24,12) series admittedly uses information from 18 months ahead (rather than the 15 months ahead in MA(30)), this information receives little weight. Conversely, more weight is placed on information closer to the current month.
6. Giannone and Matheson (2007) characterize their estimation target as a centered 24-month moving average of 
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